Introduction
It is known that grapes are among the most important fruits for human health and their importance arises not only from nutritional value but also their natural phenolic compounds (Baydar, 2006a) . Phenolic compounds are plant secondary metabolites that constitute one of the most common and widespread groups of substances in plants (Whiting, 2001) . Plants need phenolic compounds for pigmentation, growth, reproduction, resistance to pathogens, and many other functions (Oksana et al., 2012) . Plant phenolics are secondary metabolites that encompass several classes of structurally diverse natural products (Lattanzio et al., 2006) . Secondary metabolites apparently act as defense (against herbivores, microbes, viruses, or competing plants) and signaling (to attract pollinating or seed-dispersing animals) compounds, as well as protecting the plant from ultraviolet radiation and oxidants (Swain, 1977; Kutchan, 2001) . Phenolics are known to inhibit the feeding of many insects and have demonstrated toxicity (Grayer et al., 1992) . The first stage of the defense mechanism of plants involves rapid accumulation of phenols at the infection site, which function to slow down the growth of the pathogens. Many researchers found a correlation between increased host resistance and high phenolic compound contents (Orlando et al., 1997) . A variety of factors contribute to the ability of plants to resist attack by microorganisms. Amounts of phenolic compounds in different organs of grapes differ. It is reported that their amount may increase after infection of fungal diseases (Baydar et al., 2011; Mazid et al., 2011) .
Comparisons of phenolic compounds and their antioxidant activity provided by different methods in leaves, berries, and wines were reported by different researchers. In recent years, individual compounds with antioxidant activity have been determined; however, the approach to the evaluation of antioxidant activity of natural materials as a whole has been used. For the evaluation of the antioxidant activity of vine grapes and wines, several methods were used (Fernández-Pachón et al., 2006; Stratil et al., 2008) . Balik et al. (2008) reported that grape berries infected by fungal disease showed a higher antioxidant activity, which was most closely correlated with the content of total polyphenols (correlation coefficient = 0.8336-0.9952). Downy mildew, caused by Plasmopara viticola (Berk. & Curtis ex. de Bary Berl. & de Toni) , is one of the most destructive grapevine diseases that occurs worldwide, particularly in warm and humid climates. Grapevine powdery mildew is caused by the fungus Uncinula necator and it affects crops, resulting in loss of eating and wine quality (Gökbayrak et al., 2010) . Resistance to these pathogens is found in a number of Vitis species that hybridize readily with Vitis vinifera, and these have been used as sources of resistance in grape breeding programs in many countries (Doazan, 1980) . Gallic acid and rutin hydrate amounts are phenolic compounds frequently analyzed by researchers in different grape varieties (Parker et al., 2007; Iacopini et al., 2008) . There are quite limited studies on rutin hydrate in spite of studies on gallic acid and disease relationship. Katalinic et al. (2013) found that rutin hydrate and disease relationships were important. They also suggested evaluating the potential of vine leaves as a natural source of biologically active polyphenolic extracts for further use in the food industry to improve the quality and safety and prolong the shelf-life of food products.
When resistance breeding studies are analyzed, table grape research is very limited compared with wine grapes. The Tekirdağ Vineyard Research Institute has been working for resistant breeding since the 1980s (Özer et al., 2012) . Breeding studies conducted in Turkey have not yet obtained a table grape variety resistant to disease. Downy mildew and powdery mildew are very common fungal diseases in a large part of Turkey and the susceptibility of cultivars also varies. In this study, the resistance levels of some grape cultivars/ genotypes and variations in amounts of certain phenolic compounds were investigated. Total phenolics, antioxidant activity, gallic acid, and rutin hydrate variations in some V. labrusca genotypes, interspecies cultivars with known disease resistance, V. vinifera cultivars, and V. rotundifolia cultivar leaves were evaluated. The relationship of both diseases with resistance was also evaluated. The results could be used for future breeding activities in order to select resistant hybrids. They could also be used for determination of resistance mechanisms, for evaluation of resistant cultivars or genotypes with high phenolic compounds as supportive indicators of resistance, and in preparing tools to provide resistance to the diseases.
Materials and methods

Materials
Twenty-one different grape cultivars or genotypes grown in Yalova Atatürk Horticultural Central Research Institute greenhouses were used in this study. Disease infections and inoculations were carried out in a greenhouse using 2-yearold potted vines grown in 5-L pots and filled with a soil mixture (1/3 garden soil, 1/3 peat moss, and 1/3 blended compost). Optimum climatic conditions were provided for the development of diseases in the greenhouse. Ten V. labrusca cultivars/genotypes, considered to be resistant against fungal diseases (Kitajima, 1989) , were collected from the north of Turkey and especially from along the Black Sea coastline. These genotypes may be V. labrusca and V. vinifera hybrids, but widespread opinion holds that these are open-pollinated V. labrusca genotypes (Çelik et al., 2008) . These genotypes having a foxy taste were ungrafted and own-rooted, derived by open pollination over a century or propagated by cutting (Çelik et al., 2008) . In addition to V. labrusca cultivars/genotypes, the study included five interspecific cultivars that may be considered resistant in terms of downy and powdery mildew (Alleweldt and Possingham, 1998; Pacifico et al., 2013; Eibach and Töpfer, 2014) . Five V. vinifera cultivars and one V. rotundifolia cultivar that is also considered resistant to downy and powdery mildew were also used in the study (Olien and Hegwood, 2000; Louime et al., 2011) . V. vinifera 'Italia' was used as a control due to its sensitivity to the diseases. Related analyses were conducted at the Food Technology Laboratory at the institute. The present investigation was carried out during the production phase of the years 2014/15 and 2015/16. 2.2. Methods 2.2.1. Collection of samples and preparation of extracts Downy and powdery mildew vines were kept in greenhouses in separate compartments. Samples were taken from separate vines for both diseases. The first 6 leaves of cultivars from the shoot tip (before and 20 days after disease inoculation) were used for analyses. The first 6 leaves of each 3 vines were used and the leaves were separated carefully from the petioles and washed in pure water. Cleaned leaves were dried for 2 days at room temperature. Dried leaves were grinded at high speed for 1 min and then 2 g of leaf powder was added to 40 mL of methanol and shaken for 60 minutes at 60 °C in a water bath. Samples were centrifuged for 10 min at 7000 rpm. The supernatant was placed in amber bottles and stored at -20 °C until analysis. Three extracts were obtained for each grape variety: June (healthy), end of June (downy mildew), and end of July (powdery mildew).
Inoculation of vines and evaluation of diseases
All vines were planted in pots and cultivated in the greenhouse for downy and powdery mildew inoculations. There were a minimum of three plants per cultivar with three replicates. Different plants were used for both disease inoculations. Inoculation applications were applied according to Wang et al. (1995) and Boso et al. (2006) . Fungal conidia were collected from infected leaves from Yalova Atatürk Horticultural Central Research Institute vineyards. For the propagation of the powdery mildew inoculum vines were sprayed with a suspension of sporangia (40,000 sporangia mL -1 distilled water) on the abaxial leaf side and the whole plant was covered with a polyethylene cover overnight. On the following day, the polyethylene covers were removed and incubation lasted 5-6 days at 25 °C. The same inoculation procedure was repeated after 1 week.
Vine leaves were inoculated with the conidial suspension at the rate of 2 × 10 5 conidia/mL by spraying the upper surface of the leaves for downy mildew inoculation. Inoculated leaves were immediately covered with thin plastic for 6 h. Fogging was applied for a limited period in order to stimulate the formation of the diseases at the desired level. In addition, lime was applied outside the greenhouse to prevent the temperature from rising excessively. Both disease inoculations were done independently of each other in two separate compartments in the greenhouse Four young leaves (first, second, third, and fourth leaves from the shoot tip) were selected from each vine and were examined for powdery mildew at different times during June-August. The infection severity on leaves was determined based on percentage of disease spots observed on the entire leaf area according to the procedure described in Table 1 ( IPGRI et al., 1997) . Disease severity was scored 3 weeks after inoculation.
For downy mildew disease evaluation, all leaves of each plant were evaluated at different times during May-August. The infection severity on leaves was determined based on percentage of disease spots observed on the entire leaf area according to the procedure described in Table 2 ( IPGRI et al., 1997) . Scoring was done after 6 weeks of inoculation (Table 3) . 2.2.3. Determination of total phenolic content Total phenolic contents of extracts were determined using the Folin-Ciocalteu method (Singleton and Rossi, 1965) with three replicates. Results are expressed as mg of gallic acid/mL (GAE mg/100 g fresh weight [FW] ). The absorbance was measured at 725 nm; a UV-Vis spectrophotometer was used to determine the total phenolic content of extracts.
Determination of antioxidant activity
The ferric reducing ability of plasma (FRAP) assay procedures described by Thaipong et al. (2006) and Katalinic et al. (2009) were used to determine the antioxidant activities of extracts. The stock solutions included 300 mM acetate buffer (3.1 g of C 2 H 3 NaO 2 .3H 2 O) and 16 mL of C 2 H 4 O 2 ), pH 3.6, and 10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine) solution in 40 mM HCl and 20 mM FeCl 3 .6H 2 O solution. The fresh working solution was prepared by mixing 25 mL of acetate buffer, 2.5 mL of TPTZ solution, and 2.5 mL of FeCl 3 .6H 2 O solution and then warmed at 37 °C before use. The reagent was added to sample extracts of 150 µL. The reduced form of blue color was read at 593 nm after 30 min. Trolox was used as a standard and ferric reducing power of the extracts was calculated by standard curve interpolation. The standard curve was linear between 25 and 800 µM Trolox. Results are expressed in µM TE/g fresh mass. Additional dilution was needed if the FRAP value measured was over the linear range of the standard curve.
Phenolic compounds
Determination of the phenolic components (gallic acid and rutin hydrate) was completed using a chromatographic method (HPLC) with the leaf extract of the grape cultivars. Analyses of phenolic compounds were performed on an Agilent HP 1100 system (Agilent Technologies Inc., Palo Alto, CA, USA) according to the method of Katalinic et al. (2013) with some modifications. Separations were conducted at room temperature in an Agilent Eclipse XDB-C18 column (4.6 × 250 mm, particle size 5 µm), protected by a guard column. Compounds were detected at 280 nm with an HP 1100 series ultraviolet diode array detector. The mobile phases were A: 2.0% acetic acid in distilled water and B: acetonitrile. The column was eluted at 1.0 mL/min under a linear gradient from 5% mobile phase B to 75% over 20 min, to 100% over 5 min, isocratic for 5 min, to 25% over 5 min, and to 5% over 5 min. Injection volumes of samples were 20 µL.
Statistical analysis
Each variant was examined by analysis of variance in order to determine significant differences between samples. The data are presented as arithmetic means of three replications ± standard deviation and were repeated in the 2 years. For each variant, the least square means differences Student's test (minimum significant difference method) was used to determine the level of resistance for all accessions. Differences at P < 0.05 were considered to be significant. Pearson's correlation coefficient (R) was used to evaluate covariance relationships between variables. All calculations were performed using JMP 7.0 software (SAS Institute, 2007) .
Results
The contents of phenolic compounds were determined both in healthy material and in the samples of the plant material infected with U. necator and P. viticola. In evaluations based on disease scores, V. labrusca, V. rotundifolia, and interspecies varieties/genotypes were especially found to be resistant to downy and powdery mildew. On the other hand, V. vinifera varieties were found to be less resistant and particularly the Italia cultivar was found to be sensitive to powdery mildew (Table 3) . In general, the content of all compounds increased in infected leaves except rutin hydrate. A significant increase occurred especially after powdery mildew infection. The amount of phenolic compounds increased after infection with both diseases but these increases changed depending on cultivar and species.
The amount of total phenolic content changed from 278.62 mg GAE/100 g (53 Pazar 02, healthy leaf) to 2248.27 mg GAE/100 g (Italia, powdery mildew-inoculated). The amount of total phenolic content increased after disease infection (Table 4 ). This increase was quite significant in all V. labrusca cultivars/genotypes in particular. Other species showed different increases depending on the cultivar. Three V. vinifera cultivars also showed quite significant increases after powdery mildew inoculation. One of these cultivars is Italia, known to be very sensitive to powdery mildew. When the mean amounts in species were evaluated after both diseases, the increases were very significant in V. labrusca. Another important increase was observed in V. vinifera after powdery mildew. The lowest increase was determined in V. rotundifolia (Table 5) .
Antioxidant activity changed from 69.45 µM TE/100 g (61 of 04, downy mildew-inoculated) to 598.96 µM TE/100 g (Italia, powdery mildew-inoculated). Results showed similarities with total phenolic content but some differences occurred depending on cultivar. Again the Italia cultivar, known to be susceptible to powdery mildew, had a very significant increase. Increases in interspecies cultivars were limited compared to other species. One V. vinifera cultivar (Lival) and two interspecies cultivars (Staufer and Phoenix) did not have any increase after inoculation with either disease (Table 6 ). When the mean antioxidant activities of the species were evaluated, similar to phenolic content analysis, V. labrusca had a very significant increase after both diseases. V. rotundifolia showed significant increase but V. vinifera showed significant increase only after powdery mildew. Interspecies cultivars showed limited increase only after powdery mildew (Table 7) .
Gallic acid changed from 0.19 mg/100 g (61 of 04, powdery mildew-inoculated) to 9.26 mg/100 g (Sugargate, downy mildew-inoculated). The amount of gallic acid increased after downy mildew inoculation, except in two cultivars (Lival and Staufer). After powdery mildew inoculation, the gallic acid in V. labrusca cultivars/ genotypes increased but other cultivars did not have an increase except in a few cultivars. Decreases were even determined in all V. vinifera cultivars after powdery mildew inoculation (Table 8) . Based on the mean of gallic acid contents in grape species, V. vinifera and V. rotundifolia showed significant increases after inoculation with both diseases. The 9-fold increase in gallic acid in V. rotundifolia is especially remarkable after downy mildew inoculation. V. vinifera and interspecies showed significant increases only after downy mildew inoculation (Table 9) .
Rutin hydrate changed from 0.34 mg/100 g (53 Pazar 02, powdery mildew-inoculated) to 60.44 mg/100 g (Red Globe, downy mildew-inoculated). Amounts of rutin hydrate were not detected in half of the cultivars. The amount of rutin hydrate increased only in V. rotundifolia but other cultivars had a decrease, except a few cultivars. Particularly the very low amount of rutin hydrate in V. labrusca cultivars/genotypes is quite remarkable (Table  10) . Based on the mean of rutin hydrate in grape species, similar results were obtained. All species showed decreases after disease inoculation except V. rotundifolia. Particularly greater decreases were determined after downy mildew inoculation in species (Table 11) .
Correlation analysis was used to explore the relationships between the variables (Table 12 ). There was a found significant positive correlation between total phenolics and total antioxidant after both diseases (0.7556-0.6904). Total antioxidant content after downy mildew and gallic acid after powdery mildew exhibited a positive correlation (0.5928). Total antioxidant content in the healthy period and gallic acid in the healthy period exhibited a positive correlation (0.5514). Total phenolics after downy mildew and rutin hydrate in the healthy period exhibited negative correlation (-0.5631). Similarly, total antioxidant content after powdery mildew and rutin hydrate after powdery mildew exhibited a negative correlation (-0.5266).
Discussion
When studies of different organs of the grapevine and phenolic compound contents are analyzed, the results obtained show close similarities to this study. It has been reported that there is a correlation between total phenols and antioxidant activity by researchers as well as by this study (Bunea et al., 2012; Du et al., 2012; Lutz et al., 2012; Xu et al., 2016) . In addition, researchers determined a correlation between increasing severity of diseases and total phenol and antioxidant activity (Orak, 2007; Burin et al. 2010) . Similarly, we found significant positive correlation between total phenolics and total antioxidants after both diseases, but the same changes in the amounts of different phenolic compounds were not detected. It has also been reported that species, varieties, and time affect these changes. Sometimes increases in the amount of phenolic compounds in susceptible cultivars, such as the Italia cultivar in this study, are not effective on resistance to disease. Katalinic et al. (2013) studied the phenolic composition, antioxidant activity, and antimicrobial activity of extracts from vine leaves of six grape varieties collected in May, August, and September. They found that the phenolic potential of the extracts was dependent on cultivar and picking time. They also reported that extracts of leaves collected in September were richest in total phenols, flavonoids, flavonols, and stilbenes. This means that the amount of phenolic compounds not only increases after diseases, but their amount may also increase depending on the vegetation period and cultivar. The total phenolic contents and individual groups of phenols were estimated in the leaves and berries of Thompson Seedless grapes grafted onto different rootstocks and own-rooted vines during 3 stages of berry development by Satisha et al. (2008) . They found that the leaves at all stages of sampling contained more total phenol and individual phenolic groups than berries. This result shows that the use of leaves is the correct method in order to determine variations in phenolic compounds, as in our study. Dai et al. (1995) reported P. viticola infection in susceptible, intermediate, and resistant species of Vitis. They found that flavonoids play a key role in the high resistance of V. rotundifolia, in the early stage resveratrol, and at a later stage flavonoids, and lignin may play a role in restricting the growth of the fungus in V. rupestris. In our study we obtained almost the same results, especially with V. rotundifolia and V. labrusca. Baydar (2006b) examined the changes in total phenolic contents and seven major phenolic compounds (gallic acid, catechin, catechol, chlorogenic acid, o-coumaric acid, rutin, and quercetin) of shoot tips from two grape cultivars (Cardinal and Uslu) collected in different months in order to determine their effects on the explant browning during the establishment stage of shoot tip culture. The concentrations of phenolic compounds varied depending on the cultivars and the months. Likewise, Yaman et al. (2016) examined resveratrol levels in two different grape cultivars and consequently they reported that resveratrol levels changed depending on the vegetation time, cultivar, and region. We also found that phenolic compounds varied depending on the cultivars and species.
Total phenolics and some individual phenolics were analyzed in healthy and powdery mildew-infected leaves, berries, and wines by Taware et al. (2010) . They studied two wine grape cultivars (Cabernet Sauvignon and Sauvignon Blanc) and one table grape (Thompson Seedless) and they reported higher leaf phenolic contents in wine grapes compared with Thompson Seedless. A significant increase in total phenolic content of leaves was registered with increase in foliar disease severity. Especially after powdery mildew inoculation, the majority of the cultivars showed a significant increase of total phenolics compared with healthy plants in our study. Romero-Perez et al. (2001) reported that in grape berries infected by powdery mildew, phenolic compounds considerably increased compared with healthy grape berries. In another study (Santos et al. 2011) , different berry parts of V. vinifera and V. labrusca cultivars/ genotypes were compared in terms of phenolic compounds and trans-resveratrol. It was reported that V. labrusca cultivars/genotypes contain more phenolic compounds and trans-resveratrol than V. vinifera cultivars. In addition to these studies, Dani et al. (2010) examined phenolic compound levels of a V. labrusca cultivar. They found high levels of phenolic compounds in the leaves and also these compounds reduced the damage from lipids and proteins significantly. This result also explains how V. labrusca cultivars/genotypes used in our study significantly had minimum damage after inoculation of diseases with higher phenolic compounds.
When considering the results obtained in our study, it was observed that phenolic compound increases of V. vinifera cultivars, which are more susceptible to downy and powdery mildew, are more limited than those of resistant cultivars or genotypes. It is thought that various phenolic compounds found in high amounts in the leaves of disease-resistant species show a significant rise after disease inoculation and finally this increase plays a defensive role against fungal diseases. However, it should not be forgotten that this increase is not only caused by disease inoculation but also vegetation time and other growing conditions, which can affect the increase in phenolic compounds.
In conclusion, the content of selected phenolic compounds and antioxidant activity were investigated in 21 grape cultivars' healthy leaves and leaves infected with downy or powdery mildew. Generally, higher amounts of phenolic compounds, except rutin hydrate, were found after infection. Higher amounts of phenolic compounds were detected particularly after the inoculation of the leaves with powdery mildew. However, these increases varied with the species and cultivar. V. labrusca, V. rotundifolia, and interspecies cultivars, which were known to be resistant to fungal diseases, experienced increases in total phenolics and total antioxidant activity after inoculation with disease. Similar increases were observed in some susceptible V. vinifera cultivars.
This can be explained as follows: fungal diseases increase the amount of phenolic components but different factors or compounds also affect the resistance mechanism. Also as a result of this study, total antioxidant activity and total phenols could be used more effectively in order to identify resistant varieties. Further study on phenolic contents of resistant cultivars is required to understand the role of phenolics and also their oxidation products in disease resistance mechanisms.
